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7KHRSHUDWLRQDO EHKDYLRU DQGGXUDELOLW\RI JHDUV LV KLJKO\




7RGD\ WKHPLFURJHRPHWU\ GHVLJQ RI JHDUV LV HLWKHU EDVHG
RQ SUHYLRXV GHVLJQV RU UHTXLUHV D JUHDW NQRZOHGJH DQG
H[SHULHQFHRI WKH GHVLJQ HQJLQHHU'LIIHUHQW REMHFWLYHYDOXHV
GXUDELOLW\QRLVHEHKDYLRUFDQEHHYDOXDWHGZLWKWKHKHOSRI
WRRWK FRQWDFW DQDO\VLV VRIWZDUH 0LQLPL]LQJ RQH REMHFWLYH
YDOXH RIWHQ UHTXLUHV VSHFLILF PLFURJHRPHWU\ GHVLJQV >@ ,Q
RUGHU WR ILQG WKH RSWLPDO PLFURJHRPHWU\ GHVLJQ IRU DOO
REMHFWLYH YDOXHV WKH LQLWLDO VROXWLRQ VSDFH RI IODQN
PRGLILFDWLRQV QHHGV WR EH H[WHQVLYH7KLV GHJUHH RI IUHHGRP
UHVXOWV LQ D KLJK QXPEHU RI YDULDQWV DQG D KXJH DPRXQW RI
GDWD7KHIROORZLQJSURFHVVRIDQDO\]LQJWKHGDWDWDNHVDORWRI
WLPH 2QFH DQ RSWLPDO PLFURJHRPHWU\ GHVLJQ LV GHWHUPLQHG
WKH JHDU GHVLJQ LV PDQXIDFWXUHG 7KH LQIOXHQFH RI
PDQXIDFWXULQJ WROHUDQFHV DUH LQ PDQ\ FDVHV QRW IXOO\
FRQVLGHUHG LQ WKH GHVLJQ SURFHVV 7KLV OHDGV WR VXERSWLPDO
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7KH GHVLJQ SURFHVV RI WKH PDFUR DQG PLFURJHRPHWU\ RI
JHDUV GHSHQGV RQ D KXJH QXPEHU RI LQSXW DQG RXWSXW
SDUDPHWHUV 'LIIHUHQW SDUDPHWHUV OHDG WR YDULRXV RXWSXW
UHVXOWV ZKLFK RIWHQ DUHPXWXDOO\ FRQWUDGLFWRU\ LQ UHVSHFW WR
GHVLJQ REMHFWLYHV HJ GXUDELOLW\ QRLVH EHKDYLRU >@
7KHUHIRUHILQGLQJWKHRSWLPDOJHDUGHVLJQLVDFRPSURPLVHRI
GLIIHUHQW FRQWUDGLFWRU\ REMHFWLYH YDOXHV ,Q RUGHU WR ILQG WKH
PRVW RSWLPDO GHVLJQ H[WHQVLYH SDUDPHWHU VWXGLHV DUH
QHFHVVDU\
0RVW UHFHQWO\ D SDUDPHWHU VWXG\ DSSURDFK IRU WKH
PDFURJHRPHWU\RIGLIIHUHQWLDO EHYHO JHDUVZDVSURSRVHG >@
$ KXJH QXPEHU RI SDUDPHWHUV DUH FRQVLGHUHG IRU WKLV
DSSURDFK VXFK DV SUHVVXUH DQJOH QXPEHU RI WHHWK WRRWK
KHLJKWV WLS DQG URRW UDGLL $IWHU WKH GHILQLWLRQ RI WKH LQSXW
SDUDPHWHUV D PXOWLSDUDPHWULF YDULDQW FDOFXODWLRQ LV
SHUIRUPHG7KLVFDOFXODWLRQUHVXOWVLQDYDVWQXPEHURI
GLIIHUHQW PDFURJHRPHWU\ GHVLJQV ,Q RUGHU WR UHGXFH WKH
QXPEHU RI VROXWLRQV VSHFLILF DQG WDLORUHG ERXQGDU\
FRQGLWLRQV VXFK DV JHRPHWULF RU OLPLWLQJ FRQWDFW SUHVVXUH
ERXQGDULHVDUHDSSOLHG%DVHGRQWKHERXQGDULHVRQO\DVPDOO
QXPEHU RI VROXWLRQV LV VHOHFWHG RXW RI ZKLFK WKH GHVLJQ
HQJLQHHUFDQVHOHFWWKHPRVWVXLWDEOHRQH>@
.25)) (7 $/ SUHVHQW D VWDWLVWLFDO PHWKRG IRU WKH
PDFURJHRPHWU\GHVLJQRIJHDUV>@7KHPHWKRGLVDWKUHHVWHS
DSSURDFK VWDUWLQJ ZLWK WKH JHDU JHRPHWU\ GHILQLWLRQ 7KH
PHWKRG LV DSSOLHG WR F\OLQGULFDO JHDUV DQG LQGHSHQGHQW
SDUDPHWHUV DUH VSHFLILHG VXFK DV WUDQVYHUVHSURILOH DQGKHOL[
DQJOH WR DYRLG UHGXQGDQW GHVLJQ FDQGLGDWHV 8VLQJ D IXOO
IDFWRULDO GHVLJQ RI H[SHULPHQW D UDQJH RI GLIIHUHQW
PDFURJHRPHWU\ GHVLJQV LV FKRVHQ 7KRVH YDULDQWV DUH
HYDOXDWHGZLWK WKHKHOSRIGLIIHUHQWFDOFXODWLRQSURJUDPV IRU
GLIIHUHQW REMHFWLYH YDOXHV HJ GXUDELOLW\ QRLVH EHKDYLRU
7KH WKLUG VWHS RI WKH DSSURDFK LV WKH VHOHFWLRQ RI SRWHQWLDO
GHVLJQV %HFDXVH RI FRQWUDGLFWRU\ REMHFWLYH YDOXHV D SDUHWR
IURQWLHU LV XVHG WRPDUN WKHRSWLPDOPDFURJHRPHWU\GHVLJQV
$GGLWLRQDO PDLQ HIIHFWV RI WKH LQGHSHQGHQW SDUDPHWHUV RQ
REMHFWLYH YDOXHV DQG LQWHUDFWLRQV EHWZHHQ LQGHSHQGHQW
SDUDPHWHUVFDQDOVREHLQYHVWLJDWHG>@
$FRPPRQDSSURDFKWRGHVLJQWKHPLFURJHRPHWU\RIJHDUV
LV XVLQJ D IXOO IDFWRULDO GHVLJQ RI H[SHULPHQW IRU D KLJK
QXPEHURILQSXWSDUDPHWHUV$IWHUFDOFXODWLQJDOOYDULDQWVWKH
HQJLQHHU KDV D KXJH DPRXQW RI GDWD LQ ZKLFK KH QHHGV WR
HYDOXDWH DQG ORFDWH WKH RSWLPDO PLFURJHRPHWU\ YDULDQWV $
SRVVLEOH RSWLRQ WR ILQG DQ RSWLPDO GHVLJQ YDULDQW LV WR











REMHFWLYH YDOXH DW RQFH 2Q WKH WZR JOREDO D[LV SURILOH DQG
OHDG FURZQLQJ DUH YDULDWHG )RFXVLQJ RQ RQH VWDPS SURILOH
DQJOH ORFDOH[D[LVDQG OHDGDQJOHGHYLDWLRQ ORFDOH\D[LV
DUHDOVRYDULDWHG%DVHGRQWKHVWDPSGLDJUDPLWLVSRVVLEOHWR
SLFNWKHRSWLPDOPLFURJHRPHWU\GHVLJQYDOXHV
$QDO\]LQJ GLIIHUHQW WRUTXH OHYHOV DQG PXOWLSOH REMHFWLYHV
OHDGWRDQLQFUHDVLQJQXPEHURIVWDPSGLDJUDPVZKLFKRIWHQ
FDQQRWEHKDQGOHGE\DYLVXDOL]HGVHOHFWLRQSURFHVVDQ\PRUH





7KH VWDWH RI WKH FXUUHQW NQRZOHGJH VKRZV WKDW KLJK
QXPEHUV RI GHVLJQ SDUDPHWHUV DQG WKHLU LPSDFW RQ WKH
GXUDELOLW\ DQGQRLVHEHKDYLRURI JHDUVRIWHQ UHVXOW LQ D KXJH
DPRXQW RI GDWD ZKLFK FDQQRW EH DQDO\]HG E\ WKH GHVLJQ
HQJLQHHU 7KLV VLWXDWLRQ OHDGV WR VXERSWLPDO PLFURJHRPHWU\
GHVLJQV RI JHDUV 7KHUHIRUH DQ DXWRPDWLF WROHUDQFH ILHOG
EDVHG UDWLQJ PHWKRG IRU WKH PLFURJHRPHWU\ RI JHDUV LV
QHFHVVDU\ WR KHOS WKH GHVLJQ HQJLQHHU LQ ILQGLQJ WKH RSWLPDO
JHDUGHVLJQ7RGD\WKHPLFURJHRPHWU\GHVLJQLVRIWHQFKRVHQ
EDVHG RQ H[SHULHQFH $OWKRXJK VWDWLVWLFDO PHWKRGV IRU WKH
PDFURJHRPHWU\GHVLJQRIJHDUVH[LVW>@PHWKRGVIRFXVLQJ
RQWKHPLFURJHRPHWU\GHVLJQDUH\HWWREHGHVLJQHG
7KH REMHFWLYH RI WKLV SDSHU LV WR LQWURGXFH D VLPXODWLRQ
PHWKRG IRU IXQFWLRQRULHQWHG WROHUDQFLQJ RI WKH
PLFURJHRPHWU\ RI WRRWK IODQNV )RU HDFK PLFURJHRPHWU\
YDULDWLRQ D ZHLJKWHG DYHUDJH JUDGH LV FDOFXODWHG %DVHG RQ
WKLV JUDGH WKH RSWLPDO VROXWLRQ UHJDUGLQJ WKH TXDOLW\ RI WKH
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 6WDWLVWLFDOHYDOXDWLRQRIPLFURJHRPHWU\GHVLJQVRIJHDUV
7KHVLPXODWLRQPHWKRG LVEDVHGRQDVWDWLVWLFDOHYDOXDWLRQ





)LUVW VWHS RI WKH DSSURDFK LV WKH GHWHUPLQDWLRQ RI WRRWK
IODQN PRGLILFDWLRQV ZKLFK DUH WR EH DQDO\]HG )RU HYHU\
PRGLILFDWLRQ D ORZHU ERXQG DQG DQ XSSHU ERXQG RI WKH
SDUDPHWHUUDQJHDVZHOODVWKHDPRXQWRIYDULDWLRQVWHSVQHHG
WR EH GHILQHG %DVHG RQ WKH WRRWK IODQNPRGLILFDWLRQV D IXOO
IDFWRULDOGHVLJQRIH[SHULPHQWLVJHQHUDWHG7KHFDOFXODWLRQLV
FRQGXFWHG ZLWK WKH KHOS RI WKH )(EDVHG WRRWK FRQWDFW





)RU GLIIHUHQW PLFURJHRPHWU\ GHVLJQV WKH REMHFWLYH YDOXHV
DV UHVXOWV RI WKH WRRWK FRQWDFW DQDO\VLV +HUW]LDQ SUHVVXUH
WUDQVPLVVLRQ HUURU DUH DQDO\]HG )LUVW WKH REMHFWLYH YDOXHV
DUHJUDGHGEDVHGRQYDULRXVJUDGLQJVFKHPHV(LWKHUDOLQHDU
JUDGLQJ IURP RQH WR VL[ ZLWK UHVSHFW WR PLQLPXP DQG
PD[LPXPYDOXHVRUDJUDGLQJVFKHPHEDVHGRQYDOXHUDQJHV
FDQEHDSSOLHG/RZREMHFWLYHYDOXHV WKHUHIRUH OHDG WR VPDOO
JUDGHVDQGYLFHYHUVD
)RUHYHU\WRUTXHVWHSLDQGHYHU\REMHFWLYHYDOXHIDZHLJKW
ZLI FDQEHGHILQHG VHH ILJXUH OHIW VLGH7KHZHLJKWLQJRI
REMHFWLYHYDOXHVWDNHVGLIIHUHQWGHVLJQREMHFWLYHVRIJHDUVLQWR
DFFRXQW)RUEHYHORLGJHDUVIRUH[DPSOHWKHUHLVDQHHGRIORZ
WUDQVPLVVLRQ HUURUV IRU ORZ WRUTXH OHYHOV DQG ORZ KHUW]LDQ
SUHVVXUHV IRU KLJK WRUTXH OHYHOV 7KLV HIIHFW OHDGV WR KLJK
YDOXHVIRUZLIRQ ORZ WRUTXH OHYHOV IRU WKH WUDQVPLVVLRQHUURU







ILHOGV IRUHYHU\ IODQNPRGLILFDWLRQDUHGHILQHG%DVHGRQ WKH
WROHUDQFH ILHOGV SRVVLEOH PLFURJHRPHWU\ YDULDQWV M LQ WKH
LQLWLDOYDULDWLRQGDWDDUHFKRVHQVHHILJXUHULJKWVLGH7KH
VL]HRIWKHWROHUDQFHILHOGFDQHLWKHUEHWKHPXOWLSOHVL]HRID
VWHS VL]H RI WKH LQLWLDO YDULDWLRQ GDWD RU D YDOXH LQSXW E\ WKH
XVHU2QFHD WROHUDQFH ILHOG IRUDPLFURJHRPHWU\YDULDQW M LV
GHILQHG WKH YDULDQWV DUH JUDGHG (YHU\ SRVVLEOH SRLQW [MLNI
ZLWKLQWKHWROHUDQFHILHOGRIRQHYDULDQWMRQWRUTXHOHYHOL LV
DQDO\]HGDQGJLYHQDJUDGHIRULWVREMHFWLYHYDOXHI7KHPHDQ
YDOXH MLI IRU HYHU\ YDULDQW M RQ WRUTXH OHYHO L LV FDOFXODWHG
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)XUWKHUPRUH WKH VWDQGDUG GHYLDWLRQ RI HYHU\ REMHFWLYH
YDOXH RI D YDULDQW ıMLI ZLWKLQ LWV WROHUDQFH ILHOG LV FDOFXODWHG
EDVHG RQ HTXDWLRQ  7KH GHYLDWLRQ RI DQ REMHFWLYH YDOXH
ZLWKLQ D WROHUDQFH ILHOG LV D FKDUDFWHULVWLF ILJXUH IRU WKH
VWDELOLW\ RI WKH DQDO\]HG YDULDQW M RQ WRUTXH OHYHO L ,I WKH
VWDQGDUGGHYLDWLRQLVORZGHYLDWLRQVZLWKLQWKHPDQXIDFWXULQJ




















D ZHLJKWHG DYHUDJH VWDQGDUG GHYLDWLRQ ıMWRWDO QHHG WR EH
FDOFXODWHG VHH HTXDWLRQV  DQG  7KH ZHLJKWHG DYHUDJH














































































Weighting for objective value f
7RUTXH
OHYHO L
















127 C. Brecher et al. /  Procedia CIRP  43 ( 2016 )  124 – 129 
7R KHOS WKH HQJLQHHU ILQGLQJ WKH RSWLPDO PLFURJHRPHWU\
YDULDQWMLQWHUPVRITXDOLW\RILWVREMHFWLYHYDOXHDQGLQWHUPV
RI VWDELOLW\ LQ WKH WROHUDQFH ILHOG D SRODU GLDJUDP ZLWK DOO
SRVVLEOH PLFURJHRPHWU\ YDULDQWV FDQ EH DQDO\]HG :LWK WKH
KHOSRI WKHSRODUGLDJUDPWKHGHFLVLRQSURFHVVRI ILQGLQJ WKH
RSWLPDOPLFURJHRPHWU\YDULDQWMFDQEHUHGXFHGWRDQDO\]LQJ
WKHTXDOLW\DQGVWDELOLW\7KLVHYDOXDWLRQLVLQGHSHQGHQWRIWKH
QXPEHU RI RXWSXW SDUDPHWHUV RI WKH WRRWK FRQWDFW DQDO\VLV
ZKLFK DUH HYDOXDWHG 7KHUHIRUH WKH FRPSOH[LW\ RI WKH
GHFLVLRQSURFHVVEDVHGRQWKHSRODUGLDJUDPGRHVQRWULVHZLWK
WKH QXPEHU RI WKH RXWSXW SDUDPHWHUV )LUVW WKH ZHLJKWHG
DYHUDJHPHDQYDOXHVMWRWDODQGWKHZHLJKWHGDYHUDJHVWDQGDUG
GHYLDWLRQ ıMWRWDO QHHG WR EH QRUPDOL]HG HTXDWLRQ  DQG 
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DQG WKH ZHLJKWHG DYHUDJH VWDQGDUG GHYLDWLRQ YDULRXV ILOWHUV
FDQ EH DSSOLHG WR WKH LQLWLDO GDWD 7KURXJK ILOWHULQJ
PLFURJHRPHWU\ GHVLJQ YDULDQWV ZKLFK GR QRW DSSO\ WR WKH
ERXQGDULHV GHILQHG LQ WKH ILOWHU HJ PD[LPXP KHUW]LDQ
SUHVVXUH DUH DXWRPDWLFDOO\ UHPRYHG IURP WKH DQDO\VLV
7KHUHIRUH ILOWHULQJ RIIHUV D IDVW DSSURDFK WR GHFUHDVH WKH
VROXWLRQ VSDFH DQG KHOSV WKH HQJLQHHU ILQGLQJ WKH PRVW




7KH SUHVHQWHG PHWKRG KDV EHHQ XVHG WR RSWLPL]H WKH
PLFURJHRPHWU\ RI D EHYHORLG JHDU VHW 7KH JHDU GDWD RI WKH
SUHVHQWHG H[DPSOH DUH OLVWHG LQ WDEOH  7KH FDOFXOXV RI




IRU HYHU\PLFURJHRPHWU\GHVLJQ LV DQDO\]HG7KH IOXFWXDWLRQ
RI WKH DPSOLWXGH KDV WR EH PLQLPL]HG 7KH DLP RI WKH
LQYHVWLJDWLRQ LV WR ILQG WKH RSWLPDOPLFURJHRPHWU\ GHVLJQ LQ










3DUDPHWHU 6\PERO 9DOXH 8QLW
1RUPDOPRGXOH PQ  PP
1XPEHURIWHHWKSLQLRQJHDU ]]  
3UHVVXUHDQJOH ĮQ  
+HOL[DQJOHSLQLRQJHDU ȕȕ  
5RRWFRQHDQJOHSLQLRQJHDU șIșI  
7LSFRQHDQJOHSLQLRQJHDU șDșD  
*HDUZLGWKSLQLRQJHDU EE  PP
7LSGLDPHWHUSLQLRQJHDU GDGD  PP
&URVVLQJDQJOH Ȉ  




WRUTXH LV UHSUHVHQWLQJD W\SLFDODSSOLFDWLRQRIEHYHORLGJHDUV
LQ DQ DXWRPRWLYH JHDUER[ )RU WKLV VWXG\ WKHPLFURJHRPHWU\
RI WKH SLQLRQ LV PRGLILHG 7KH VWXG\ LV IRFXVLQJ RQ WKH
VWDQGDUG PLFURJHRPHWU\ PRGLILFDWLRQV VXFK DV SURILOH DQJOH
GHYLDWLRQI+ĮOHDGDQJOHGHYLDWLRQI+ȕSURILOHFURZQLQJFĮDQG









3URILOHDQJOHGHYLDWLRQ P P P
/HDGDQJOHGHYLDWLRQ P P P
3URILOHFURZQLQJ P P P
/HDGFURZQLQJ P P P
7KH WROHUDQFH ILHOG VL]H IRU HYHU\ SDUDPHWHU LV HTXDO WR
GRXEOH WKH VWHS VL]H RI WKH SDUDPHWHUV LQ WKH GHVLJQ RI
H[SHULPHQW 7KLV OHDGV WR  GLIIHUHQW PLFURJHRPHWU\
GHVLJQYDULDQWVZKLFKFDQEHLGHQWLILHGLQWKHLQLWLDOYDULDWLRQ
GDWD
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2QWKH[D[LVWKHQRUPDOL]HGTXDOLW\RIWKHPLFURJHRPHWU\
YDULDQWV LV VKRZQ 7KH \D[LV UHSUHVHQWV WKH QRUPDOL]HG




ZKLFK LQGLFDWH WKDW WKH TXDOLW\ RI RQH YDULDQW FDQQRW EH
LQFUHDVHGZLWKRXWGHFUHDVLQJWKHVWDELOLW\DWWKHVDPHWLPHDQG
YLFHYHUVD)RUHTXDOO\ZHLJKWHG WRUTXH OHYHOVYDULDQW LV
WKH RSWLPDO PLFURJHRPHWU\ GHVLJQ IRU WKH SLQLRQ RI WKH
EHYHORLGJHDUV7KHSLQLRQ LVPRGLILHGZLWKD OHDGFURZQLQJ
Fȕ P D SURILOH FURZQLQJ FĮ P D SURILOH DQJOH
GHYLDWLRQI+Į PDQGDOHDGDQJOHGHYLDWLRQI+ȕ P
)LJXUHGHPRQVWUDWHVWKHTXDOLW\DQGVWDELOLW\GLDJUDPIRU
D ZHLJKWLQJ GLVWULEXWLRQ ZKLFK LV IRFXVLQJ RQ ORZ WRUTXH
OHYHOV VHH ILJXUH ,QFRQWUDVW WR WKH UHVXOWV IRUDQHTXDOO\
GLVWULEXWHG ZHLJKWLQJ WKH GLIIHUHQW YDULDQWV DUH PRUH VSUHDG
RXW 7KLV UHVXOWV IURP GLIIHUHQW PHDQ YDOXHV EHFDXVH RI WKH
GLIIHUHQW ZHLJKWV XVHG IRU WKH HYDOXDWLRQ $OWKRXJK WKH
ZHLJKWLQJLVGLIIHUHQWFRPSDUHGWRILJXUHYDULDQWQRLV
VWLOO WKH RSWLPDO PLFURJHRPHWU\ GHVLJQ 7KHUHIRUH WKH
PLFURJHRPHWU\GHVLJQRIQRVKRXOGEHFKRVHQLQRUGHUWR







RI WKH RSWLPL]HG PLFURJHRPHWU\ GHVLJQ YDULDQW QR  LQ
FRQWUDVW WR WKH QRQPRGLILHG EHYHORLG JHDU VHW )RU WKH ORZ
WRUTXH OHYHO RI 1P WKH QRQPRGLILHG GHVLJQ KDV D ORZHU
JUDGHZKLFK LQGLFDWHVD VPDOOHU IOXFWXDWLRQRI WKHDPSOLWXGH
RI WKH DJJUHJDWHG WUDQVPLVVLRQ HUURU )RU WKH WRUTXH OHYHOV








RI WROHUDQFH ILHOGV 7KH DXWRPDWHG UDWLQJ SURFHVV KHOSV WR
LQGLFDWH WKHGHVLJQZKLFK LV WKHPRVW VXLWDEOHGHVLJQ LQFDVH
RITXDOLW\RI LWVREMHFWLYHYDOXHVDQG LWVVWDELOLW\ZLWKLQ WKHLU
WROHUDQFHILHOGV
7KH DSSOLFDWLRQ RI WKH PHWKRG RQWR DQ H[DPSOH EHYHORLG
JHDUVHWVKRZVWKDWDQPLFURJHRPHWU\GHVLJQLVIRXQGZKLFK
GRPLQDWHVHYHU\RWKHUYDULDQWLQFDVHRITXDOLW\DQGVWDELOLW\
7KH FRPSDULVRQ RI WKH RSWLPDO PLFURJHRPHWU\ GHVLJQ ZLWK
WKH QRQPRGLILHG EHYHORLG JHDU VHW VKRZV WKDW WKH QRLVH
EHKDYLRUZDVLPSURYHG
%HFDXVH RI LWV JHQHUDO VWDWLVWLFDO DSSURDFK WKH SUHVHQWHG
PHWKRG FDQ QRW RQO\ EH XVHG IRU EHYHORLG JHDUV EXW IRU DOO
JHDU W\SHV)RU IXWXUH LQYHVWLJDWLRQV LW LV SRVVLEOH WR WUDQVIHU
WKHSUHVHQWHGPHWKRGRQWRWKHPDFURJHRPHWU\GHVLJQSURFHVV
RI JHDUV7KHUHIRUH LWZRXOGEHSRVVLEOH WR ILQG WKHRSWLPDO
PDFUR DQG PLFURJHRPHWU\ RI GLIIHUHQW JHDU W\SHV ZLWK WKH
KHOSRIDQVWDWLVWLFDOHYDOXDWLRQPHWKRG
,Q RUGHU WR UHGXFH WKH DPRXQW RI PLFURJHRPHWU\ GHVLJQ
YDULDQWV ZKLFK QHHG WR EH DQDO\]HG DQ LWHUDWLYH VFUHHQLQJ
SURFHVV FRXOG EH SRVVLEOH 7KH SURFHVV ZRXOG FRQVLVW RI
YDULRXV LWHUDWLYH VWHSV FRPELQLQJ WKH WRRWK FRQWDFW DQDO\VLV
VRIWZDUH DQG WKH SURSRVHG PHWKRG )LUVW DQ DQDO\VLV ZLWK D
ORZ QXPEHU RI YDULDWLRQV RI WKH GLIIHUHQW PLFURJHRPHWU\
SDUDPHWHUV ZRXOG EH FRQGXFWHG %DVHG RQ WKH UHVXOWV
LQWHUHVWLQJ SDUDPHWHU FRPELQDWLRQV ZRXOG EH LQYHVWLJDWHG LQ
PRUH GHWDLO 7KXV LQVLJQLILFDQW SDUDPHWHU RU SDUDPHWHU
FRPELQDWLRQVZLWKDQHJDWLYHLPSDFWFDQEHQHJOHFWHGDQGWKH
ERXQGDULHV IRU WKH IXOO IDFWRULDO GHVLJQ RI WKH QH[W LWHUDWLYH

























129 C. Brecher et al. /  Procedia CIRP  43 ( 2016 )  124 – 129 
$FNQRZOHGJHPHQWV

7KH DXWKRUV JUDWHIXOO\ DFNQRZOHGJH
ILQDQFLDO VXSSRUW E\ WKH *HUPDQ
5HVHDUFK )RXQGDWLRQ ')* >3URMHFW
1XPEHU %5@ IRU WKH
DFKLHYHPHQWRIWKHSURMHFWUHVXOWV
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